Abstract We examined the clinical/pathologic features of ipsilateral second breast cancers (IP-SBCs) following breast-conserving surgery (BCS) for DCIS among community-treated patients and ascertained the degree of correlation between the features of index DCIS and IP-SBC events. From a Cancer Research Network cohort of DCIS patients diagnosed 1990-2001 and treated with BCS, we identified women who subsequently developed an ipsilateral DCIS or invasive breast cancer. All index DCIS tumors underwent expert pathology review. Pathologic characteristics of IP-SBCs were abstracted from available medical records. Logistic regression was used to examine associations between pathologic characteristics and identify factors associated with invasive versus non-invasive IP-SBC. Of 1969 DCIS patients, 182 developed an IP-SBC within a median of 38 months (range 6-160). IP-SBCs were slightly more commonly non-invasive (53 %) versus invasive (47 %). Of invasive IP-SBCs, 31 % were high grade, 67 % were \20 mm, 74 % were estrogen receptor positive, 7 % were HER2 positive, and 16 % were node positive. Of non-invasive IP-SBCs, 33 % were high grade. Comparing index DCIS and IP-SBC specimens, there was moderate-high correlation for HR status and grade. Among patients with IP-SBCs, those who were younger and whose index DCIS tumors were HR negative had shorter intervals (within 3 years) between index and IP-SBC diagnoses. No index DCIS feature was statistically significantly associated with an IP-SBC that was invasive versus non-invasive.
Introduction
The incidence of ductal carcinoma in situ (DCIS) has increased steadily over the past 25 years, from less than 6/100,000 in the 1970s to greater than 30/100,000 after 2000 [1] [2] [3] [4] [5] . This change is due in large part to the adoption of screening mammography. Currently, DCIS accounts for approximately one-quarter of all newly diagnosed breast cancers in the United States (US) [2, 3, [6] [7] [8] , and one half of all those identified by mammography [9] [10] [11] . The majority of women who are diagnosed with DCIS will be treated with breast-conserving surgery (BCS) [6] ; some will also receive radiation therapy and/or tamoxifen/aromatase inhibitors. Relative survival following DCIS is high ([97 %) [12, 13] . These factors, together with the aging of the US population and the increased use of screening mammography, mean that the number of women living with a history of DCIS will increase substantially in the years to come.
Women who have completed treatment for DCIS are at risk of developing a second breast cancer (SBC) that could either be DCIS or invasive disease. Among those treated with BCS, the risk of developing a SBC is greatest in the ipsilateral breast, where the SBC event could represent regrowth of DCIS, progression to invasive breast cancer, or the development of a new primary. After BCS alone (i.e., without post-lumpectomy radiation therapy), the 5-year risk of developing an ipsilateral SBC (IP-SBC) may be as high as 20 % [14] . This may be 3-to 5-fold greater than the risk of developing de novo breast cancer experience by the general population [12, [15] [16] [17] [18] . As the number of women with a history of DCIS increases and overall life expectancy improves, the number of women who develop SBCs will climb. Unfortunately, little is known about the pathologic characteristics of, optimal treatments for, and outcomes experienced by women who develop SBCs.
Studies suggest that approximately half of the IP-SBC events that follow a DCIS diagnosis are invasive [12, 14, 15, [18] [19] [20] [21] , and that there may be some degree of correlation between the pathologic features of the index DCIS and IP-SBC events [22] . However, significant questions regarding the characteristics of SBCs remain. Understanding the pathologic characteristics and timing of IP-SBCs could help inform prognostic estimates for patients with DCIS and for those who develop IP-SBCs. More importantly, understanding the extent to which index DCIS and IP-SBC diagnoses are similar and identifying factors associated with having a higher (vs. lower) risk IP-SBC could inform treatment options for these patients. Notably, there is ongoing debate regarding how aggressive therapy for primary DCIS should be. If there were a high degree of correlation between the pathologic features of the index DCIS and the IP-SBC, this could potentially influence initial decision making. DCIS patients who could expect a lower risk of having an invasive IP-SBC could feel more comfortable with conservative treatment for their initial DCIS diagnosis.
Most epidemiologic studies and clinical trials focus on women with primary breast cancer. While tumor registries, such as the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program, identify new primary cancers, they do not record information on cancers considered to be recurrences (although the definition of recurrence has changed over time). Consequently, using registries alone to gather information regarding IP-SBCs could lead to underestimates of risk or biased samples. Because of the resources needed to capture complete information on recurrence status, few population-based data for patients with IP-SBC are available. Even though the number of women who develop SBC will continue to grow, conducting randomized controlled trials in patients with SBC will remain challenging. A National Cancer Institute-funded Cancer Research Network (CRN) cohort of DCIS patients was established to examine the patient, clinical, and tumor factors associated with breast cancer recurrence [23, 24] . Using this cohort of patients treated in a real-world community setting, we investigated the clinical and pathologic characteristics of ipsilateral SBCs, investigated whether any of these features was associated with shorter time to recurrence, and assessed the degree of correlation between the pathology characteristics of index DCIS and SBC events.
Methods

Data source
The CRN is a consortium of integrated health care delivery systems with more than 12 million enrollees. The overall mission of the CRN is ''to increase the effectiveness of preventive, curative, and supportive interventions for major cancers through a program of collaborative research, and to determine the effectiveness of cancer control interventions that span the natural history of major cancers among diverse populations and health systems'' [25] . Because CRN data are derived from integrated health delivery systems, the capture of events and procedures for covered patients is generally robust.
Previously, three CRN sites developed a cohort of patients with newly diagnosed DCIS: Kaiser Permanente Northern California (KPNC), Kaiser Permanente Southern California (KPSC), and Harvard Pilgrim Health Care (HPHC) [25] . The study design and data collection methods for the CRN DCIS cohort study have been described in detail elsewhere and are briefly summarized below [26] . Two of the three sites that participated in the DCIS cohort study collected additional data on SBC events (KPNC and HPHC). Our analysis only included patients from these two sites. The institutional review boards at each participating site approved the protocol as well as the data collection and transmission procedures.
Cohort development
The original DCIS cohort included approximately 3000 patients who were diagnosed with unilateral non-invasive breast cancer between 1990 and 2001 and treated with BCS. Patients with LCIS were excluded, unless they also had DCIS. Patients were considered eligible if their medical records indicated that they received healthcare services from their primary network site, and were excluded if they had a prior history of breast or other cancer (except non-melanoma skin cancer), a breast cancer in the contralateral breast at the time of the index DCIS diagnosis, or a mastectomy within 6 months of the DCIS diagnosis. Censoring of follow-up occurred at the end of study follow-up, or if a patient disenrolled from the health plan (i.e., network site) or died.
The study described herein focused on a subset of patients from the original DCIS cohort-those who developed a second breast cancer (whether DCIS or invasive disease) in the ipsilateral breast. Surveillance for SBC events started 6 months after the index DCIS diagnosis and continued until ipsilateral breast cancer recurrence, ipsilateral prophylactic mastectomy, contralateral breast cancer diagnosis, nonbreast invasive cancer diagnosis, death, or last medical record contact, whichever occurred first. For patients with more than one breast cancer event after their index DCIS diagnosis, only the first event was included in this analysis.
Cohort data abstraction and pathology review
For the original DCIS cohort, data abstracted from the medical record included age at diagnosis, race/ethnicity, menopausal status, body mass index, method of DCIS detection, and pathologic characteristics of the index DCIS (from pathology reports). Therapies administered for the index DCIS within 1 year of diagnosis were also collected, including the use of radiation therapy and tamoxifen. Medical record abstraction was used to identify subsequent cancer diagnoses. SBC events were classified as either DCIS or invasive. If both types of disease were present in the same specimen, then the event was recorded as invasive.
For all patients who developed an IP-SBC, the diagnostic slides of the index DCIS specimens were obtained and sent to the study breast cancer pathologists for a standardized review. A number of features were assessed during the expert pathology review. Nuclear grade was categorized as low (grade 1/well-differentiated); intermediate (grade 2/moderately differentiated); or high (grade 3/poorly differentiated). DCIS size was based on the number of involved high power fields. Invasive tumor size was based on the extent of involvement of the pathologic specimen measured in cm. Surgical margins were classified as tumor at the margin, tumor \1 mm from the margin, tumor 1-3 mm from the margin, or tumor[3 mm from the margin. Sections from archived tumor blocks underwent immuno-staining for the estrogen receptor (ER), progesterone receptor (PR), HER2 receptor, Ki67, and other markers.
Additional medical record abstraction was performed for the current study to collect data regarding the pathologic characteristics of the IP-SBCs, including grade, ER status, PR status, and HER2 status.
Statistical analyses
We analyzed correlations between the pathologic characteristics of index DCIS and SBC events separately for patients who had invasive versus non-invasive IP-SBCs. For patients with invasive IP-SBCs, we looked at ER, PR, and grade. For those with non-invasive IP-SBCs, we only evaluated grade, because hormone receptor status was not available for most recurrent DCIS events. To assess the impact of time from diagnosis, the sample was stratified into two groups based on whether the second event occurred before or after the median time from the index DCIS diagnosis. Correlations between pathologic features were assessed using the C-statistic, which was generated by fitting a simple logistic regression model with the SBC pathologic characteristic as the dependent variable and the index DCIS-pathologic characteristic as the predictor variable. If the pathologic data were missing, an event was excluded from the analysis (i.e., comparisons only included the patients who had pathologic data for both events).
Multivariable logistic regression models were used to examine whether patient or index DCIS tumor characteristics were associated with invasive versus non-invasive IP-SBC. The characteristics included demographic factors (age, race/ethnicity), clinical factors (method of index cancer detection, body mass index, menopausal status, year of index DCIS diagnosis), pathologic factors of the index DCIS (size, margin, grade, architectural pattern, associated LCIS, ER, and PR), and the use of radiation therapy for the initial DCIS. For each covariate, a bi-variable logistic regression model with invasive IP-SBC as the dependent variable was generated, with the intention that any statistically significant predictors (P \ 0.05) would be included in the multivariable model.
We hypothesized that the pathologic features of the index DCIS, such as hormone receptor status, could influence the characteristics or timing of IP-SBC. We stratified the sample by index DCIS hormone receptor status, and plotted the proportion of all IP-SBCs that were DCIS, invasive HR positive, or invasive HR negative for each year after the index diagnosis. After dichotomizing the sample based on median time to SBC event, we tested whether ER status, PR status, grade, age, or other features of the index DCIS were associated with a shorter time to IP-SBC. All P-values were two sided, and values \0.05 were considered statistically significant.
Results
From the original CRN DCIS cohort study of 2995 DCIS cases, 10.9 % (n = 325) experienced an IP-SBC at a median follow-up of 58 months [25] . Among the 1969 patients who were treated at the two sites that contributed to this subcohort, 9.2 % (n = 182) were diagnosed with an IP-SBC at a median follow-up of 38 months (minimum 6, maximum 160). Among women who had an IP-SBC, the median age at diagnosis of the index DCIS was 55 years (minimum 35, maximum 84). Seventy-two percent of patients were white, 57 % were postmenopausal, and 50 % were overweight or obese (Table 1) . BCS without radiation or tamoxifen was the primary therapy for most (67 %) patients.
Approximately 14 % of index DCIS diagnoses had a positive margin (Table 2 ). In addition, 37 % were high grade, 74 % were ER positive, and 63 % were comedo pattern. Ipsilateral SBCs were slightly more likely to be non-invasive (53 %) versus invasive (47 %). Of the invasive IP-SBCs, 31 % were high grade, 67 % had a tumor size \20 mm, 74 % were ER positive, 7 % were HER2 positive, and 16 % were node positive (Table 3) . Of the non-invasive IP-SBC's, 33 % were high grade. Comparisons between the pathologic features of index DCIS and IP-SBC cases appear in Table 4 (a detailed correlation table appears in the supplemental materials). For patients who developed an invasive IP-SBC, the C-statistics, comparing characteristics of the index and IP-SBC tumors, were 0.92 for ER status, 0.73 for PR status, and 0.66 for grade, suggesting strong to moderate correlation. For patients who developed non-invasive IP-SBCs, the C-statistic for grade was 0.74, consistent with a moderate correlation. We tested each covariate listed in Table 1 as a potential predictor of invasive versus non-invasive IP-SBC, but none was statistically significant (not shown).
The sample was stratified into two groups based on whether the IP-SBC occurred before or after the median time from index DCIS diagnosis (38 months). Factors associated with an early IP-SBC included ER negative index DCIS (P = 0.03), PR negative index DCIS (P \ 0.01), and young age (P \ 0.01). To describe this finding in more detail, we displayed the proportion of all IP-SBC events that were non-invasive, invasive-ER positive, and invasive-ER negative for each year after diagnosis DCIS ductal carcinoma in situ stratified by index DCIS hormone receptor status (Fig. 1) . For HR-positive index DCIS cases, a relatively smaller proportion of recurrences occurred within 4 years, and many were attributable to non-invasive or HR-positive invasive disease. For HR-negative index DCIS cases, a relatively larger proportion of recurrences occurred within 4 years and many were attributable to non-invasive or HRnegative invasive disease. While interesting, these findings should be viewed cautiously, because relatively few patients had 6-10 years of follow-up and the number of IP-SBC events among patients originally diagnosed with HRnegative DCIS was relatively small. Note that there was no association between margin and time to recurrence (i.e., patients with close/positive margins were no more likely to experience an earlier recurrence; P = 0.45).
Discussion
Among 182 patients who developed an ipsilateral SBC after BCS for DCIS, we identified moderate-to-high degrees of correlation in hormone receptor status and grade between the two breast cancer events. Neither patient factors nor pathologic features of the index DCIS were associated with having an invasive versus a non-invasive IP-SBC. Patients who developed an IP-SBC sooner tended to be younger and to have had a hormone receptor-negative index DCIS. To our knowledge, only two prior studies have compared the pathologic characteristics of SBC events with those of index DCIS cases [22, 27] . Both found concordant histology in a majority of cases, but each had limitations. One study was based on patients enrolled in a single clinical trial [27] , and the other study included patients who were treated within a network of comprehensive cancer centers [22] . These cohorts may not represent DCIS patients in the general population. For example, the study of patients treated at comprehensive cancer centers demonstrated a lower than expected rate of SBCs. The patient characteristics and patterns of care observed in our cohort of DCIS patients diagnosed 1990-2001 are likely more representative of the population of DCIS patients in the US, because our cohort included a significant proportion of patients who were non-white, had close/positive margins, and did not receive post-lumpectomy radiation therapy. Notably, the 9.2 % risk of developing an IP-SBC at 5 years seen in our cohort is closer to what was seen in previous clinical trials and a population-based sample from Sweden [28] [29] [30] . Also, it is important to note that the rate of recurrence has decreased over time, as mammography has increased and surgery, radiation therapy, and hormonal therapy practices have changed [17, 24] .
One possible explanation for the high degree of pathologic correlation of HR status and grade could be that the IP-SBC events represented re-growth/progression of occult cells from the index DCIS. Perhaps the association in our analysis was particularly strong, because all SBC events were ipsilateral, most occurred within 5 years of the index diagnosis; our cohort had a relatively high rate of close/positive margins, or many patients did not receive DCIS ductal carcinoma in situ, HER2 human epidermal growth factor receptor 2 a Characteristics only available for invasive recurrences b Immuno-histochemical data obtain from medical record abstraction of primary data adjuvant radiation therapy. Regardless, this hypothesis is supported by a study that used comparative genomic hybridization techniques to analyze index DCIS cases and second ipsilateral DCIS events [31] . In a sample of 18 patients, there was a high degree of concordance in chromosomal alterations (median 81 %) that was independent of the time from index DCIS diagnosis to IP-SBC. However, this analysis did not include invasive or contralateral recurrences. A study of women with DCIS who developed either an ipsilateral or contralateral SBC found that the degree of hormone receptor status concordance was greater for patients who (1) developed an ipsilateral versus contralateral event; (2) did not versus did receive radiation therapy; and (3) had an early versus late SBC [22] . Altogether, these and other findings suggest that a substantial proportion of SBC cases are recurrent events, rather than new primary cancers [24] . An alternative explanation for the high degree of pathologic concordance could be that patients are predisposed to developing specific types of breast cancer. Interestingly, a previous analysis identified a significant association between the grade of an index DCIS and the grade of a contralateral SBC [22] . Perhaps patient-specific factors are contributing to the association. Molecular genomic profiling could help clarify the relative importance of patient-versus cancer-specific factors on the development of low-versus high-risk SBC.
A number of studies have demonstrated that hormone receptor-positive invasive breast cancer can recur early or late, whereas hormone receptor-negative invasive breast cancer usually recurs within 5-6 years of diagnosis [32, 33] . We are not aware of previous studies describing the patterns of recurrence after treatment for non-invasive breast cancer. It is notable to have demonstrated that the hormone receptor status of an index DCIS may be associated with the time at which an IP-SBC develops. Our findings should not be interpreted as an indication that hormone receptor-negative DCIS has a substantially higher risk of recurrence. Rather, SBCs that occur after a diagnosis of hormone receptor-negative DCIS may be more likely to develop early compared with SBCs that occur after a diagnosis of hormone receptor-positive DCIS. The ability of the CRN cohort study, which obtained the patient, treatment, and outcomes information used in this analysis, to identify SBCs is high, because only those patients who received health care from one delivery system were included in the cohort. That having been said, some patients could have been lost to follow-up, because they transferred their care to a different network. There was no evidence to suggest that patients' DCIS characteristics were associated with their likelihood of following-up at the same CRN site. Our analysis was strengthened by its focus on patients who received care from community-based practices, rather than clinical trials or comprehensive cancer centers.
This study has some limitations. An expert, comprehensive pathology review was conducted for the index DCIS samples, but we had to rely on a different methodology, medical record abstraction, to identify the pathologic features of the IP-SBC samples. Consequently, some IP-SBC pathologic characteristics were missing for a substantial proportion of patients. This was a particular problem when analyzing the hormone receptor status of noninvasive IP-SBCs. Hormone receptor testing was not done routinely until 2000, when tamoxifen was approved for treatment of DCIS. Among patients who developed an IP-SBC, we looked for but were not able to identify factors statistically significantly associated with an invasive (i.e., higher risk) versus a non-invasive (i.e., lower risk) SBC event. Even with 182 patients, the power to identify correlations between the features of initial DCIS and IP-SBC events was relatively modest. A previous analysis of patients treated for DCIS, including those who did and did not go on to develop an IP-SBC, found that having a symptomatic presentation for the index DCIS was a significant risk factor for the development of an invasive SBC, while African-American race, younger age, and larger tumor size were more strongly associated with the development of a non-invasive SBC [24] . Further, larger tumor size and close-involved surgical margins were associated with developing any type of SBC. Two other DCIS studies have reported that higher nuclear grade, close/positive surgical margins, and necrosis were associated with the development of any IP-SBC [23, 34] . Future studies should assess the impact of primary DCIS treatments on the pathologic features of SBCs. While our study followed patients through a median of 58 months, breast cancer recurrences can occur 10 or more years after the original diagnosis; we were not able to assess correlations with late events. Additional efforts to identify and integrate patient, pathologic, and genomic [35] determinants of recurrence after BCS for DCIS are warranted.
By shedding light on the characteristics of the cancers that develop after an initial DCIS diagnosis, the findings from this study could influence the treatment plans devised for both index DCIS and SBC events. Knowing what type of IP-SBC would be likely to develop if a woman with excised DCIS were to have a recurrence could influence her approach to treating the initial DCIS diagnosis. For example, a woman who had surgery for a low grade, ER positive DCIS may feel less anxious about a close margin or less inclined to consider radiation or tamoxifen therapy if she thought any IP-SBC that could develop would probably be low grade/ER positive. Additionally, knowing that the characteristics of an IP-SBC tend to mimic those of the initial breast cancer could help patients and providers feel more comfortable applying treatment paradigms developed for an initial diagnosis to patients who develop an IP-SBC. Newer, gene expression profile-based analyses may also help identify DCIS patients at greater risk of recurrence [35] . Regardless, uncertainty surrounding the impact of treatments on the outcomes of women who develop IP-SBCs persists, arguing strongly in favor of clinical trials to evaluate the efficacy and tolerability of treatments for this growing patient population.
